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ABSTRACT
INTRODUCTION: During a pandemic, medical personnel while in contact with patients with suspected/con-
firmed COVID-19 should wear full personal protective equipment (PPE) for aerosol-generating procedures to 
reduce the risk of infection. Most studies of intubation in level C PPE conditions have been relatively small. 
Our aim is to quantify the available data on success rates in order to provide an evidence-based benchmark 
to gauge performance in the published literature.
MATERIAL AND METHODS: A structured literature search was performed with PubMed, Scopus, Embase, 
Web of Science, and Cochrane databases. The electronic database search was supplemented by searching 
Google Scholar and by back-searching the reference lists of identified studies for suitable articles. Data were 
evaluated and extracted by two independent reviewers on the basis of qualitative and quantitative variables 
of interest. Q statistic and I2 statistics were used to assess the heterogeneity between the studies.
RESULTS: Fifteen randomized controlled trials were included. The use of PPE during intubation as compared 
with intubation without PPE reduced intubation efficacy (90.0% vs. 97.9%; RR = 0.94; 95% CI: 0.90–0.99; 
p < 0.001) and increased the procedure time (MD = 7.73; 95% CI: 4.98–10.47; p < 0.001). Direct laryngos-
copy compared with video laryngoscopes offered similar intubation success rate (93.6% vs. 92.3%; RR = 0.99; 
95% CI: 0.97–1.02; p = 0.66) and shorter intubation time (MD = 63; 95% CI: –0.77–12.03; p = 0.08). Howev-
er, subgroup analysis showed that intubation with Macintosh blade video laryngoscopes was more effective 
than that with direct laryngoscopes (98.1% vs. 96.4%; RR = 1.00; 95% CI: 0.97–1.03; p = 0.90).
CONCLUSIONS: Our meta-analysis suggests that PPE reduces the effectiveness of endotracheal intubation. 
The use of direct laryngoscopy for intubating patients with suspected/confirmed COVID-19 by an intubator 
wearing level C PPE is associated with overall intubation time reduction and an increase in intubation suc-
cess rate compared with video laryngoscopes. However, the findings suggest that Macintosh blade video 
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laryngoscopes during endotracheal intubation with PPE may be an alternative to direct laryngoscopes. Video 
laryngoscopy can be helpful for less experienced personnel.
KEY WORDS: endotracheal intubation, laryngoscope, infected patient, COVID-19, personal protective 
equipment, meta-analysis
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INTRODUCTION
Endotracheal intubation is the gold standard for air-
way management in many clinical situations [1, 2]. 
Direct laryngoscopy with a Macintosh laryngoscope is 
still commonly performed in endotracheal intubation. 
Unsuccessful or prolonged endotracheal intubation 
can be associated with many serious complications, 
such as desaturation, sympathetic stimulation leading 
to hypertension and tachycardia and even hypoxemic 
cardiac arrest causing permanent neurological sequel 
or even death [3]. In light of this, intubation with 
video laryngoscopes has become more commonly 
performed. It has been reported that video laryngo-
scopes can provide improved laryngeal visualization 
as well as increased intubation success rate, especially 
in difficult airway patients [4, 5].
In the current SARS-CoV-2 pandemic, each pa-
tient under emergency medical conditions should be 
considered potentially infected. Therefore, medical 
personnel should wear specialist personal protective 
equipment (PPE), including full PPE for aerosol-gen-
erating procedures, respiratory protection preferably 
with an FFP3 filter, goggles, face shield, and gloves 
[6]. The need for this protection of medical person-
nel at high risk of contact with suspected/confirmed 
COVID-19 patients results from the fact that the new 
coronavirus SARS-CoV-2 spreads via droplets, contact, 
and natural aerosols from human to human [7]. More-
over, the coronavirus is highly infectious, as verified by 
recent epidemiological data. As of April 10, 2020, the 
reported number of confirmed infection cases equaled 
1,777,612. COVID-19 mortality is 6.1% and turns out 
lower than that in SARS or MERS, but the disease dy-
namics is very high. Patients with COVID-19, in severe 
cases, can progress rapidly and develop acute respirato-
ry distress syndrome, septic shock, metabolic acidosis, 
and coagulopathy [8, 9]. In any case of patient deterio-
ration and acute respiratory distress syndrome develop-
ment, intubation should be performed and mechanical 
ventilation implemented [10]. Endotracheal intubation 
and advanced resuscitation should also be applied in 
the case of sudden cardiac arrest in such a patient [11]. 
It is therefore clear that the use of full PPE may reduce 
the risk of virus transmission [9]. However, research 
shows that the effectiveness of medical procedures per-
formed with a PPE suit may be reduced [12]. This also 
refers to endotracheal intubation. It is thus reasonable 
to evaluate the available studies concerning various 
methods of endotracheal intubation in order to search 
for the most effective method of airway management 
in patients with suspected/confirmed COVID-19.
Recently, several studies have evaluated the effect 
of video laryngoscopy compared with direct laryngo-
scopy performed in infectious patients by operators 
wearing level C PPE. With the aid of the increased 
power of meta-analytic methods, the goal of the 
present study was to review the relevant and availa-
ble published randomized controlled trials (RCTs) to 
test the hypothesis that compared with direct laryn-
goscopy, the use of video laryngoscopy in infectious 
patients would increase the intubation success rate.
MATERIAL AND METHODS
The manuscript followed the recommendations of 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [13]. Before 
commencing the study, we agreed on the analysis 
methods and the inclusion and exclusion criteria to 
be applied. The protocol of this meta-analysis study 
has not been registered.
1. Inclusion and exclusion criteria
Studies were included if they met the following cri-
teria: (1) RCT; (2) clinical, cadaver, or simulation trial; 
(3) intubation of an adult patient or a simulator; 
(4) comparison of intubation with different laryn-
goscopes with/without level C PPE; (5) reporting 
any of the following outcomes: intubation success 
rate, time to intubation, glottis visualization. Articles 
available only in abstract form and meeting reports 
were excluded. Studies in English were included.
2. Search strategy
A comprehensive literature search was performed 
with PubMed, Scopus, Embase, Web of Science, and 
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Cochrane databases, from the inception of each da-
tabase up to March 30, 2020. The following terms 
were used: “Macintosh laryngoscope” or “Miller 
laryngoscopes” or “laryngoscope” or “video laryn-
goscopy” or “endotracheal intubation” or “tracheal 
intubation” or “airway management” and “PPE” 
or “personal protective equipment” or “HazMat” 
or “Level C protective” or “CBRN” or “Chemical” or 
“toxic” or “infectious patient”. The electronic data-
base search was supplemented by searching Google 
Scholar and by back-searching the reference lists of 
identified studies for suitable articles.
3. Data extraction
Two authors (K.L. and J.S.) independently assessed 
each article to determine whether or not it met the 
criteria for inclusion. Disagreements between the au-
thors regarding values or analysis assignments were 
resolved through discussion with a third researcher 
(L.S.), and the decision was taken by the majority of 
the researchers. The agreement with respect to study 
inclusion was assessed by using the Cohen kappa 
statistics [14]. We were careful to avoid the inclu-
sion of data from duplicate publications. In any case 
of suspected data discrepancies, we contacted the 
relevant author directly. Each author also performed 
independent data abstraction using standardized 
data collection forms. Data extracted from eligible 
studies included the following characteristics: study 
and year, country, type of participants, a number of 
participants, type of devices applied for intubation, 
intubation with/without PPE, intubation time, and 
success of intubation. If outcomes were reported for 
more than one follow-up period, we used data for 
the longest follow-up in each trial.
4. Quality assessment
The quality of eligible trials was assessed by using 
the “risk of bias” tool in accordance with the Review 
Manager software, version 5.3 (RevMan; Cochrane 
Collaboration, Oxford, UK). Two authors (L.S. and 
K.J.F.) estimated the risk of bias in the following meth-
odological domains: random sequence generation, 
allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting, others bias 
[15]. Each was graded “yes”, “no”, or “unclear”, 
which reflected a high risk of bias, low risk of bias, 
and uncertain bias, respectively (Suppl. digital content 
1). The review authors’ judgments about each risk 
of bias item are provided in Suppl. digital content 2. SUPPLEMENT 1. The risk of bias (Suppl. digital content 1)
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5. Data analysis
For statistical analyses, we used the Review Manager 
(RevMan) software, version 5.3. Because there may 
be differences in the treatment effect between trials, 
especially those using different devices, we assumed 
a random-effects model. We employed the inverse-var-
iance method for the continuous outcomes and the 
Mantel-Haenszel models for all dichotomous out-
comes. We calculated mean differences (MD) for con-
tinuous measurements (time to intubation) and risk 
ratios (RR) for dichotomous outcomes (intubation suc-
cess rate). All statistical variables were determined with 
95% confidence interval (CI) to estimate the range of 
plausible treatment effects. When the continuous out-
come was reported in a study as median, range, and 
interquartile range, we estimated means and standard 
deviations using the formula described by Hozo et al. 
[16]. We quantified heterogeneity in each analysis by 
the tau-squared and I-squared statistics. Studies were 
subgrouped by the type of intubation devices. Heter-
ogeneity was detected with the chi-squared test with 
n–1 degree of freedom, which was expressed as I2. Val-
ues of I2 > 50% and > 75% were considered to indi-
cate moderate and significant heterogeneity among 
studies, respectively [16]. All p-values were tailed and 
considered statistically significant if p < 0.05.
RESULTS
1. Trial identification and characteristics
Initially, 297 articles were identified for review based 
on our search of the electronic databases. Of these, 
133 were excluded because they were not relevant. 
The remaining 61 articles were carefully examined 
for meeting the inclusion criteria. Of those, 41 stud-
ies were excluded because they were not RCTs com-
paring direct laryngoscopy with video laryngoscopy 
(n = 21), provided comparisons between unrelated 
airway management devices (n = 15), did not refer 
to adult intubation (n = 3), were review articles 
(n = 2). Ultimately, 20 studies that met the inclu-
sion criteria and contained the necessary data for 
the planned comparison were identified (Fig. 1). 
The details of the selected trials are summarized 
in Table 1. Among the 20 mentioned studies, two 
were cadaver studies [17, 18] and the others were 
simulation trials [12, 19–35].
SUPPLEMENT 2. The review author’s judgments about each risk of bias (Suppl. digital content 2)
FIGURE 1. 20 studies with the inclusion criteria for data
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2. Personal protective equipment impact on 
endotracheal intubation
Thirteen studies with 1109 intubations reported im-
pact of level C PPE on the duration of endotracheal 
intubation [12, 17, 20–22, 24–27, 29, 30, 32, 33]. 
Overall, time to intubation was shorter without PPE 
compared with PPE conditions (MD = 7,33; 95% CI: 
4.98–10.47; p < 0.001) (Fig. 2).
Subgroup analysis showed that the use of PPE 
extended all intubation techniques, including those 
applying direct laryngoscopes (MD = 7.16; 95% CI: 
2.99–11.33; p < 0.001), channeled laryngoscopes 
(MD = 7.47; 95% CI: 2.59–12.34; p = 0.003), 
as well as fiberoptic laryngoscopes (MD = 13.50; 
95% CI: 8.70–18.30; p < 0.001).
The impact of PPE on endotracheal intubation 
success rate was recorded in eight studies [12, 17, 
18, 21, 22, 25, 27, 30], and intubation without PPE 
was found to be superior to intubation with PPE in 
this regard (97.9% vs. 90.0%; RR = 0.94; 95% CI: 
0.90–0.99; p < 0.001) (Fig. 3).
In subgroup analysis, intubation without PPE 
was superior to intubation with PPE for all laryngo-
scope types: direct laryngoscopes (98.3% vs. 89.3%; 
RR = 0.93; 95% CI: 0.88–1.00; p = 0.04), chan-
neled laryngoscopes (96.1% vs. 92.9%; RR = 0.98; 
95% CI: 0.94–1.03; p = 0.49), Macintosh blade 
laryngoscopes (100% vs. 73.3; RR = 0.74; 95% CI: 
0.54–1.02; p = 0.07), and fiberoptic laryngoscopes 
(100% vs. 93.3%; RR = 0.93; 95% CI: 0.83–1.05; 
p = 0.24).
3. Direct laryngoscopy versus video 
laryngoscopy in personal protective equipment 
conditions
Ten studies compared Macintosh laryngoscope with 
other laryngoscopes in PPE conditions [18, 19, 21, 
23, 27, 28, 30, 31, 34, 35]. Overall, intubation with 
direct laryngoscopes was shorter than that with 
video laryngoscopes (MD = 5.63; 95% CI: –0.77–
12.03), although the difference was not statistically 
significant (p = 0.08) (Fig. 4). The subanalysis re-
vealed that intubation with direct laryngoscopes 
was slightly faster than with Macintosh blade video 
laryngoscopes (MD = –0.14; 95% CI: –5.61–5.33). 
For comparison of direct laryngoscopes with chan-
nelled laryngoscopes, faster intubation procedure 
was observed with direct laryngoscopy (MD = 6.41; 
95% CI: –2.41–15.24). However, the above differ-
ences were not statistically significant (p = 0.96 and 
FIGURE 2. Time to intubation without PPE compared with PPE conditions
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p = 0.15, respectively). In the case of fiberoptic 
laryngoscopes intubation, the duration of the proce-
dure was statistically significantly longer than that of 
direct laryngoscopy (MD = 32.90; 95% CI: 28.53–
37.27; p < 0.001).
The intubation success rate for direct laryngo-
scopes versus other laryngoscopes in PPE conditions 
was reported in ten RCTs [18, 19, 21, 23, 27, 28, 
30, 31, 34, 35]. The effectiveness of intubation was 
comparable between direct laryngoscopes and video 
laryngoscopes (93.6% vs. 92.3%; RR = 0.99; 95% CI: 
0.96–1.02; p = 0.66) (Fig. 5). Subgroup analysis 
showed that intubation with Macintosh blade video 
laryngoscopes was more effective than that with 
direct laryngoscopes (98.1% vs. 96.4%; RR = 1.00; 
95% CI: 0.97–1.03), although the difference was 
not statistically significant (p = 0.90). On the other 
hand, direct laryngoscope intubation was associated 
with higher efficiency as compared with channeled 
laryngoscopes (88.5% vs. 91.2%; RR = 0.99; 95% CI: 
0.93–1.05; p = 0.74) and fiberoptic laryngoscopes 
(100% vs. 93.3%; RR = 0.93; 95% CI: 0.83–1.05; 
p = 0.24).
Additional subanalysis with the division of oper-
ators into “Anesthesiology staff”, “Emergency med-
icine staff”, or “Mixed staff” revealed that in the first 
two groups, video laryngoscopy was associated with 
a longer procedure duration than direct laryngosco-
py, while in the “Mixed staff” group, the opposite 
trend was observed (Tab. 2). Moreover, the analysis 
showed higher efficacy of direct laryngoscopy com-
pared with video laryngoscopy (100% vs. 96.8%; 
RR = 0.97; 95% CI: 0.89–1.06; p = 0.50) (Tab. 3). 
For the “Emergency medicine staff”, the efficacy 
FIGURE 3. The impact of PPE on endotracheal intubation
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FIGURE 4. Intubation with direct laryngoscopes versus video laryngoscopes
with video laryngoscopy equalled 87.7% and was 
higher than that for direct laryngoscopy (87.3%) 
(RR = 1.02; 95% CI: 0.93–1.12). Among the “Mixed 
staff”, the efficacy of direct laryngoscopy and video 
laryngoscopy intubation was 94.7% vs. 93.8% re-
spectively. 
4. Risk of bias
The risk of bias in the included studies is outlined 
in Supplementary digital content 1 and 2. All the 
20 studies clearly described random sequence gen-
eration [12, 17–35]. The risk of bias in the RCTs 
was assessed as either low or moderate across all 
domains, apart from the blinding of participants 
and personnel where blinding was clearly not pos-
sible.
Limitations
Our meta-analysis has some limitations. First, all the 
included studies were small and are at a high risk of 
bias as neither the operator nor the outcome asses-
sor was blinded for obvious technical reasons. The 
second limitation is the influence of methodolog-
ical heterogeneity from variations in the design of 
the original studies, such as involvement of diverse 
“patients” or different skill levels of operators; this 
heterogeneity should be perceived as an inherent 
limitation of meta-analysis. Third, not all studies 
reported intubation time and intubation success 
rate at the same time. Fourth, most of the studies in-
cluded in the meta-analysis were simulation studies; 
however, owing to the risk of infection of medical 
personnel and the need to secure the airway as soon 
as possible, it would be impossible to conduct such 
studies in clinical conditions.
DISCUSSION
Endotracheal intubation is considered to be one 
of the basic procedures in the scope of emergen-
cy medicine and medical rescue, as well as during 
cardiopulmonary resuscitation. The comparison of 
endotracheal intubation with direct laryngoscopy 
and other intubation methods, including video la-
ryngoscopy, has been widely studied and meta-ana-
lyzed. However, both the more common epidemics, 
including SARS and MERS, and the risk of infection 
with other dangerous pathogens, especially during 
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the current COVID-19 pandemic, suggest studies on 
the performance of medical procedures, also with 
reference to respiratory protective devices.
The number of available studies on respirato-
ry protection under such conditions is limited and 
there are no meta-analyses of pooled data.
According to our knowledge, this was the first 
meta-analysis comparing Macintosh laryngoscope 
with video laryngoscopes in level C PPE condi-
tions. We performed a priori subgroup analyses in 
order to investigate [1] the effect of PPE on intuba-
tion time and overall intubation success rate while 
Table 2. Compared the video laryngoscopes with 
the Macintosh laryngoscope intubation time in 
subgroup analysis
Number 
of trials
MD (95% CI)
P 
value
I2 
statistic, 
%
Anesthesiology 
staff
2 10.27 (0.44, 
20.11)
0.04 97%
Emergency 
staff
6 3.64 (-1.99, 
9.26)
0.20 90%
Mixed staff 2 4.71 (-23.89, 
33.31)
0.75 97%
MD — mean differences; N/A — not applicable
Table 3. Compared the video laryngoscopes with the Macintosh laryngoscope intubation success rate in 
subgroup analysis
Number of trials Effectiveness VL Effectiveness DL RR (95% CI) P value I2 statistic, %
Anesthesiology staff 2 96.8% 100% 0.97 (0.89, 1.06) 0.50 71%
Emergency staff 4 87.7% 87.3% 1.02 (0.93, 1.12) 0.65 57%
Mixed staff 2 93.8% 94.7% 1.00 (0.94, 1.05) 0.87 0%
N/A — not applicable; RR — risk ratios
FIGURE 5. The effectiveness of intubation between direct laryngoscopes and video laryngoscopes
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using different types of laryngoscopes; [2] the effect 
of video laryngoscopy compared with direct laryn-
goscopy on intubation success rate and intubation 
time by type of video laryngoscopes under PPE con-
ditions; [3] the influence of the type of operator on 
success rate and intubation time. Our study suggests 
that intubation with class C protective suits has 
a statistically significant effect on prolonging the 
duration of the procedure and reducing its effective-
ness. Moreover, the use of video laryngoscopes did 
not improve the overall success rate of endotracheal 
intubation when operators were wearing full PPE; 
on the contrary, video laryngoscopy intubation was 
associated with longer endotracheal intubation time 
and slightly lower efficacy compared with direct la-
ryngoscopy. The analysis in subgroups showed only 
a slight advantage of Macintosh blade video laryn-
goscopes over direct laryngoscopy regarding the 
efficacy of intubation. Video laryngoscopes display 
the glottis on an external monitor by using a camera 
attached to the device blade without alignment of 
the oral-pharyngeal-tracheal axes.
Direct laryngoscopy also requires optimal head 
and neck positioning, proper insertion of the laryngo-
scope into the mouth, and glottis visibility, which de-
mands a high level of operator experience [36]. Since 
video laryngoscopes — especially in conditions of dif-
ficult airways or difficult access to the patient — may 
offer better glottis visualization compared with direct 
laryngoscopes [37], they can facilitate endotracheal 
intubation, especially for less experienced staff.
The above relationships seem to be confirmed by 
numerous studies [39, 40]. Additionally, as research 
indicates, the learning curve for video laryngoscopes 
is significantly shorter than for Macintosh or Miller 
laryngoscopes, which allows for effective endotra-
cheal intubation by using video laryngoscopes after 
a short training [41, 42]. The subanalysis of the study 
material showed that in the subgroup of “Emergency 
medicine staff”, video laryngoscopy was associated 
with higher efficacy in comparison with direct la-
ryngoscopy, but this difference was not statistically 
significant. Therefore, it may be inferred that for this 
professional group, including emergency physicians, 
paramedics, or emergency nurses, video laryngosco-
py may be a good alternative to direct laryngoscopy 
for intubation under difficult conditions, which un-
doubtedly comprises intubation in full PPE.
A number of prospective and observational stud-
ies reveal that in emergency medicine conditions, 
the effectiveness of direct laryngoscopy intubation 
is insufficient [36, 43]. As indicated in the study by 
Hoshijima et al. [44], another aspect that supports 
the use of video laryngoscopy, apart from the fact 
that it improves the visibility of the glottis, is that 
it significantly reduces the incidence of soft tissue 
bleeding compared with the Macintosh laryngo-
scope. Multiple attempts to intubate a patient may 
lead to desaturation and then intensify soft tissue 
bleeding and glottis edema, which in turn may re-
sult in a situation described by the Difficult Airway 
Society as “can’t intubate, can’t ventilate” [45]. Vid-
eo laryngoscopes, owing to better visibility of the 
glottis compared with direct laryngoscopes, can re-
duce the risk of esophageal intubation in emergency 
and intensive care patients [46, 47].
CONCLUSIONS
Our meta-analysis suggests that PPE reduces the 
effectiveness of endotracheal intubation. The use of 
direct laryngoscopy for intubating patients with sus-
pected/confirmed COVID-19 by an intubator wear-
ing level C PPE is associated with overall intubation 
time reduction and an increase in intubation success 
rate compared with video laryngoscopes. Howev-
er, the findings suggest that Macintosh blade vid-
eo laryngoscopes during endotracheal intubation 
with PPE may be an alternative to direct laryngo-
scopes. Video laryngoscopy can be helpful for less 
experienced personnel.
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